Millions of people in Bangladesh are exposed to high concentration of the toxic element arsenic (As) through drinking water and consumption of foods. It has also been reported that Bangladeshis have a low intake of the essential element selenium (Se), which is known to be important as an antioxidant and has been suggested to counteract the toxicity of As. We report here on total intake of As and Se in a Bangladeshi population, based on inductively coupled plasma mass spectrometric (ICP-MS) analysis of a range of Bangladeshi foods. The total daily intake of As and Se from foods was estimated to be 74.2 and 87.7 µg/day, respectively. If As from water, used for drinking and cooking rice, is included the TDI increases to 385 µg of total As per day. An important finding of our study, contrary to suggestions given in other reports, is that the Bangladeshi diet does not appear to be deficient in Se and this may explain why the blood Se concentrations in Bangladeshis is similar to the USA population. This requires further investigation and detailed dietary and human biomonitoring studies on the Bangladeshi population should be conducted. Rice and fish were the main sources of dietary As and Se for Bangladeshis. Leafy vegetables could also be a significant contributor of high concentration of As in the Bangladeshi diet. The flesh and eggs 2 of Hilsha (Tenualosa ilisha) species of fish were found to contain particularly high levels of total arsenic (range 0.77 -6.15 mg/kg) although this is likely to be dominated by the nontoxic organoarsenic species.
Introduction
Exposure to arsenic (As) through drinking water has been linked to the development of various diseases, including hyperkeratosis and skin lesions, and millions of people are at risk of developing cancer in Bangladesh where exposure to As is one of the highest in the world (Hafeman et al., 2006) . Use of As rich groundwater for irrigation of crops in Bangladesh is adding to this problem as high concentrations of As have been detected in rice and vegetables grown in that country (Alam et al., 2003; Duxbury et al., 2003; Kile et al., 2007; Al-Rmalli et al., 2005; Meharg et al., 2009) . Although exposure to As from drinking water has been extensively investigated, intake of As from foods needs to be considered as it may also be an important source of exposure (Cascio et al., 2010; Melknonian et al. 2013 ).
Many UK Bangladeshis consume food products that are similar to Bangladeshis residing in Bangladesh. This is possible because many Bangladeshi foods, including vegetables and fish, are imported into the UK (Kassam-Khamis et al., 2000; Al-Rmalli et al., 2005) . Certain diseases including cancers and diabetes have been linked to elevated exposure to toxic elements (Bernard, 2008; Gunter et al., 2006; Hafeman et al., 2006) . According to the Health Survey for England 2004, UK Bangladeshi men have a higher prevalence of diabetic disease compared with other UK communities (The Information Centre, 2006) . We have previously reported that concentrations of toxic As species in Bangladeshi food is high and expressed concern that UK Bangladeshi may be at risk of increased exposure to toxic As (Al-Rmalli et al., 2005) . Furthermore, a recent study has reported that urinary inorganic As and dimethylarsinic acid (DMA) concentrations are higher in UK Bangladeshis compared to the general UK population (Cascio et al., 2010) . A more recent study, involving 18, 470 Bangladeshis, residing in Bangladesh, revealed that rice consumption was positively associated with urinary total As (Melkonian et al., 2013) . The latter study also showed an increasing trend in skin lesion prevalence and skin lesion incidence associated with increased consumption of rice. Selenium (Se) is an essential element that has many functions in the human body. It has been reported that Se has preventive potency against Keshan disease and has important antioxidant activities (Rayman, 2000; Tinggi, 2008; Rayman, 2012) . It has been suggested that Se protects the body against As toxicity (Sunde and Hoekstra, 1980; Pilsner et al., 2011) and can have a positive role in the immune system functions (Larsen, 1993) . The Recommended Dietary Allowance (RDA) for Se has been estimated to be 55 and 70 µg/day for women and men respectively (dependent upon average body weight) (National Academy of Sciences, 1989) . However, the maximum daily intake of Se has been estimated to be 5 µg/kg b.w./day, i.e. 300 µg/day for a 60 kg individual (FSA, 2009) . A recent study suggested that Se concentration of 60 µg/day for women and 60 µg/day for men are necessary for adequate intake (Kipp et al., 2015) . Se deficiency in Bangladeshis has also been reported (Spallholz et al. 2004) . In a later report, these authors suggested that Bangladeshi foods are likely to have low concentration of Se due to low Se concentration in Bangladeshi soils (Spallholz et al., 2008) .
There are few studies on the intake of As and Se from non-food sources, such as betel quid chewing and baked clay (geophagy), in populations that are exposed to As through drinking water. Betel quid is widely consumed in Bangladesh and India (Al-Rmalli, et al. 2005; Al-Rmalli et al. 2011) . Piper betel leaves and areca nut are the main components in a betel quid. The concentration of As in Piper betel leaves have been determined by Al-Rmalli et al. (2005) , and in areca nut by Signes-Pastor et al. (2008) . In our previous study, As and Se in both betel quids (Al-Rmalli et al., 2011) and baked clay (Al-Rmalli et al., 2010) were comprehensively investigated. In the current paper, we provide the most detailed estimation of the total daily intake (TDI) of As and Se in the Bangladeshi population thus far investigated. The study provides valuable information regarding exposure to As and Se and the relationship between these elements in the Bangladeshi diet.
Materials and methods

Sample collection
Different types of foods and non-foods which are widely consumed in Bangladesh were analysed. Foods including rice and vegetables, fruits, fish, and non-foods such as betel quid and its components, were purchased from UK based ethnic shops in the cities of Food samples were treated before digestion in different ways. Rice and puffed rice were ground using a coffee grinder and then kept for analysis. Vegetables were washed three times with tap water and then once with distilled water. The vegetable samples were then dried to constant weight at 80 o C overnight. The dried samples were ground to a powder for analysis. The moisture content for vegetable samples was determined from the difference in weights, measured before and after drying. Frozen fish samples were dried overnight using a lyophiliser. The moisture content of the fish samples was determined as for other foods. The fish samples were then ground and prepared for analysis.
Sample digestion
Rice, vegetables (leafy and non-leafy), fruits, betel quid and fish samples were digested using a microwave digester. A dry ground weight (0.3 -0.5 g) of sample was mixed with 4 ml of 70% nitric acid (HNO 3 ) (Romil-UpA™, Romil Ltd., Cambridge, UK) and 2 ml of hydrogen peroxide (H 2 O 2 ) and then microwave digested for 40 minutes at a total pressure of 20 bars and a maximum temperature of 150°C (Anton Paar -Multiwave 3000 Microwave Sample Preparation System, Graz, Austria). The digested solutions were evaporated to dryness and then diluted to 25 ml in volumetric flasks with ultra-pure water (Romil-UpS™, Romil Ltd., Cambridge, UK) prior to analysis. Some of these foods were digested using a microwave digestion unit at a maximum temperature of 170°C (CEM, Microwave digestion MAR Xpress, Matthews, NC, USA).
Determination of As and Se concentrations
Concentrations of trace elements in the digested samples were determined by inductively coupled plasma mass spectrometry (ICP-MS). A Thermo-Fisher Scientific XSeriesII instrument equipped with CCTED (collision cell technology with energy discrimination). Scandium (50 µg/L), rhodium (10 µg/L) and iridium (5 µg/L) in the preferred matrix of 2% HNO 3 was used. The instrument parameters used were as follows:
forward power (1,404W); hexa-pole bias (-18.0V); pole bias (-14.0V); reaction cell gas flow rate (4ml/min); nebuliser (carrier gas) flow rate (0.82 L/min); extraction lens (-129.4V); quadru-pole dwell times (20 ms). External calibration standards for elements were prepared in the range 0 -100 µg/L. Samples were introduced via a covered autosampler (CetacASX-520) through a concentric glass venture nebuliser (ThermoFisher Scientific Inc., Waltham, MA, USA). The data processing was undertaken using a Plasmalab software (version 2.5.4; Thermo-Fisher Scientific, UK), set to employ separate calibration blocks and internal crosscalibration where required.
Quality control and standard reference material
In this study, all the sample masses were measured to an accuracy of ± 0.1 mg.
Elemental concentrations obtained by the ICP-MS technique were evaluated using certified reference materials and were found to be in good agreement with the certified values. The analytical procedure and the reliability of the digestion process of the samples were validated by analysis of different types of standard reference materials (see Table 1 ). The average recoveries of references material ranged from 87 to 105% for all measurement runs.
Results
Concentrations of As and Se in rice, fish, vegetables and non-foods (betel quid)
imported from Bangladesh and sold in the UK markets were determined. Data for rice, vegetables and fruits are presented in Figure 1 , while that for fish samples are presented in Table 2 . Our data for betel quids have been derived from our previously published work (AlRmalli et al. 2011) . The content of As and Se in aromatic rice is also taken from one of our recent publications (Al-Rmalli et al., 2012) . Details regarding As and Se content in different types of foods are presented in Table S1 (supplementary material). Mean concentrations of As and Se present in foods and non-foods were used for calculating the TDI for the Bangladeshi population residing in Araihazar Upazila (Narayanganj district) based on the Food Frequency Questionnaire (FFQ) derived data of Zablotska et al. (2008) .
Rice is a staple food for Bangladeshis and was found to contain As concentrations significantly higher than the other categories of foods shown in Figure 1 (see also Table S1 ).
Of the types of rice analysed, the highest As concentrations determined were for puffed rice (widely consumed by Bangladeshis) and uncooked rice, at 173 and 160.8 µg/kg respectively, with an overall mean of 68.5 µg/kg (Fig 1.) . Aromatic rice has lower As and higher Se concentrations (Al-Rmalli et al., 2012) . Of the vegetables, the highest mean concentration of As (33.5 µg/kg) was found in data shak (Amaranths lividus), while that for Se was in cumin (at 573 µg/kg). Cumin seeds (Cuminum cyminum) are used, in small quantities as spice, when cooking curries. Lentils, which are a dietary staple of Bangladeshis, also contained relatively high concentrations of Se, with a mean of 152 µg/kg. Generally, low mean concentrations of As were detected in non-leafy vegetables.
Fish is the major animal food consumed in Bangladesh. In the present study, 11 varieties of freshwater fish and one variety of sea fish (Hilsha) sold in ethnic Bangladeshi shops in the UK were analysed ( Table 2 ). The highest As concentration (6.15 mg/kg) was found in Hilsha (Tenualosa ilisha) fish. Concentrations of As ranged from 0.004 -6.15 mg/kg for big fish flesh and 0.02 -3.1 mg/kg for small fish (Table 2) . Generally, Se concentrations in small fish and big fish are similar (Table 2 ). Se concentrations were 0.8 and 2.8 mg/kg (mean values) in a small fish known as Keski (Carica soborna) and an unidentified silver coloured fish (small fish), respectively. However, Se concentrations in the big fish category showed a wide range at 0.03 -3.1 mg/kg (Table 2) . Table 3 shows daily intakes of these elements from all foods (including drinking water), at 301 and 90.4 µg/day for As and Se respectively (this does not include As in water used for cooking foods). It also presents the estimation of daily intakes of As and Se from consumption of two important Bangladeshi foods, fish (31.8 and 35.2 µg/day, respectively) and steamed rice (34.3 and 27.4 µg/day, respectively). It is interesting to note that, besides rice and fish, betel quids can make a significant contribution to the daily intake of Se (Table   3) . (Table 3) . Tables 4 and 5 show the TDI of As and Se around the world. The TDI of As for the present study was higher compared with other countries, with the exception of India (Table 4) . If As contribution from water used to cook rice is included, the TDI for As increases further. For example, assuming 1L of water, with an average of 84 µg/L of As (Frisbie et al. 2002) , is used for cooking 500g of rice (total As content of 34.3 µg) by the complete evaporation method, the daily intake of As from steamed rice will increase from 34.3 µg/day to 118.3 µg/day. This will increase the TDI for As from 301 µg/day to 385 µg/day. This is still lower than the TDI of As for the Indian population (see Table 4 ).
The highest daily As intake in Bangladesh comes from drinking water (226.8 µg/day ; Frisbie et al., 2002) . However, very low Se concentration (<3.0 µg/L) in Bangladeshi groundwater has been reported, with a daily intake of Se from drinking water of 2.7 µg/day (Frisbie et al., 2002) . Based on the current study, beans and lentils (3.9 µg Se/day) contribute 4% to the total daily intake of Se (see Figure 3A) . When betel-quid (non-food) and water is included in the estimation, our study revealed that consuming six betel quids can provide 25 µg of Se per day which is equivalent to 21.7% of the total intake of Se (see Figure 3B ). The relatively high TDI of Se for the present study suggests that Bangladeshis consume higher quantities of Se than many other countries around the world including highly developed countries in Europe and elsewhere (Table 5 ).
Discussion
This is the first study to comprehensively determine the TDI of Se for a Bangladeshi population. Furthermore, the total intake of As was determined based on As content of the largest number and the most diverse range of foods ever considered for a Bangladeshi population. Betel quid, as a non-food item, is widely consumed in Bangladesh (Al-Rmalli et al. 2011 ) and therefore its contribution in the dietary intake of As and Se was included in the current study. The consumption of baked clay is much less widespread and therefore it has not been included in the estimations.
In Bangladesh, As contaminated groundwater is often used for irrigation of crops and vegetables. Therefore, it is a potential route of entry of As and other toxic elements into crops and vegetables grown in the As contaminated areas. Some reported studies of As concentrations of Bangladeshi vegetables sampled various vegetables from regions of Bangladesh that are known to have high concentration of As in the ground water (Alam et al., 2003; Das et al., 2004; Karim et al., 2008) . Alam et al. (2003) reported that the highest concentrations of As were detected in different types of vegetables including ghotkol, taro (loti from Arum plant) and snake gourd at 446, 440 and 489 μg/kg (dry weight) respectively, and a mean of 225 μg/kg (dry weight) for all vegetables. In the discussion below, we have converted our fresh weight values to dry weight values so that comparison could be made with the latter and other studies which reported their data in the form of dry weight. The mean As concentration in leafy vegetable determined in the current study was much lower than that reported by Alam et al. (2003) : 96 vs. 225 μg/kg dry weight. In another study, leafy vegetables from Bangladesh were found to contain As over the range 90 to 3,990 µg/kg (dry weight) (Das et al., 2004) , whereas that for the current study the range was 17-278 µg/kg (dry weight). In both of the previous studies (Alam et al., 2003; Das et al., 2004) vegetables were selected from regions of Bangladesh that are known to contain very high concentration of As in the groundwater. However, in the present study, it was not possible to establish whether or not the vegetables, which were sold in the UK markets, came from As affected regions of Bangladesh. Furthermore, we did not have sufficient information in certain cases to be sure that the foods originated from Bangladesh and in some cases we had to rely on As and Se contents of some products that are from other countries. This is one of the limitations of the current study which relied on many foods (especially vegetables and spices) sold in the UK ethnic shops instead of collecting them directly from Bangladesh. This problem is not applicable to rice, which were obtained directly from Bangladesh. Overall, the As intake reported in the current study may be an under-estimation.
Rice contained high concentrations of As ( Figure 1 ) and Bangladeshis consume large quantities of rice per day (approximately 500 g dry weight). Previously, we (Al-Rmalli et al., 2012) and others (Meharg et al., 2009 ) have determined As concentrations in different types of Bangladeshi rice. We reported that Bangladeshi aromatic rice contained relatively low concentration of As (48.5 µg/kg), compared to non-aromatic rice at 81 µg/kg (Al-Rmalli et al., 2012) . Others found the mean of total As in Bangladeshi rice was 130 µg/kg (Meharg et al., 2009) , which is considerably higher than the As concentration (68.5 µg/kg) found in rice in the current study ( Figure 1 ). Nevertheless, As in rice even at this latter concentration does contribute a high proportion to daily intake of As, which was estimated to be 44% of TDI (calculated excluding drinking water). This contribution will further increase if As from water, that is used to cook the rice, is included. In a recent study we showed that exposure to As can be reduced by consuming aromatic rice instead of non-aromatic rice (Al-Rmalli et al., 2012) . Consumption of aromatic rice, instead of an equivalent quantity of non-aromatic rice, can reduce the TDI (excluding drinking water and water used for cooking rice) of As to 32.4% of TDI, i.e. ca. 26% reduction.
Hilsha fish and its eggs contained the highest concentrations of As. This fish migrates from the sea to inland rivers to spawn (Hossain et al., 2014) . The relatively high concentrations of As in this sea fish is not surprising since fish from the sea are known to contain higher concentration of As compared to freshwater fish (Kunito et al., 2008) . Like with other fish from the sea, most of the As in Hilsha is likely to be organoarsenic compounds, such as arsenobetaine and arsenocholine. Hilsha is the single largest and most valuable fish in Bangladesh, contributing between 22-25% of the total fish production in the country (Bala et al. 2014) . It is the national fish of Bangladesh and is very popular across the country. However, in recent years its price has risen to such an extent that it is beyond the reach of the poorest consumers.
Daily intake of As from all vegetables was estimated to be 5.16 µg/day (7% of TDI of foods), with leafy vegetables contributing to half of this intake ( Table 3 ). The data presented in this study shows that Bangladeshis are exposed to higher concentrations of As from steamed rice consumption (46% of TDI of foods) compared to vegetable consumption (7% of TDI of foods). This does not include As from water that is used for cooking rice. In our previous study we have shown that the As in Bangladeshi rice is predominately inorganic (Al-Rmalli et al., 2012) . However, more detailed speciation of As in other Bangladeshi foods, including fish, are required to carry out a full risk assessment of the impact of dietary As on human health in Bangladesh.
The daily intake of As in Bangladesh was found to be 301 µg/day when including drinking water (daily intake from foods is 74 µg/day). If As from water, used to cook rice (500g with 1L of water), is included the TDI increases to 385 µg/day. These values are higher than that for the Japanese population (160-280 µg/day; Tsuda et al., 1995) and is much higher than that reported previously for the daily intake for other countries, with the exception of a region in India (West Bengal) where the daily intake of As was reported to be 801 µg/day (Roychowdhury et al., 2003) . In contrast to levels found in the current study, Kile et al. (2007) reported that the daily intake of As in Bangladesh, based on a duplicate diet survey (excluding water), was 68 µg/day (median value). Another study on Bangladesh reported that the mean daily intake of As from water and food was 150 µg/day (range 43 -490) (Ohno et al., 2007) . The TDI for As from the Kile et al. (2007) study was very similar to the finding in the current study for foods (74 µg/day), which shows that both the As concentration in Bangladeshi foods and the daily consumption are similar for these studies.
However, if As from water, used to cook the rice is included, the TDI of As from foods estimated in our study is much higher (158.2 µg/day). Kile et al. (2007) found that when the As concentration in the drinking water is low, the main contributor to As intake comes from food. Their study focused on the Pabna region of Bangladesh and the situation may be different for other regions. More recently, a value of 105 µg/day, just from consumption of vegetables was estimated for Bangladeshis (Karim et al., 2008 ) (see Table 4 ). Although there are differences in the estimates of daily intake between different studies, overall the concentration of As in the Bangladeshi diet is very high and may explain the observation of adverse health outcomes in the Bangladeshi population. Rice is a major contributor of dietary As in Bangladesh and a recent study has shown a correlation between As exposure and rice consumption in Bangladeshis (Melkonian et al., 2013) .
Deficiency of essential elements (such as Se) can be harmful for the human body. Se is an antioxidant element which has been suggested to counteract As toxicity (Hsueh et al., 2003) . Thus deficiency in the intake of Se could result in an increase in As induced ill health in the Bangladeshi population (Spallholz et al., 2004) . Hence, it is important to include in the diet foods that are rich in this essential element. In a previous study on vegetables from India, Se concentrations in leafy and non-leafy vegetables were determined (Roychowdhury et al., 2003) . Se concentrations reported by these researchers were 0.72, 8.4, 0.2 and 223 µg/kg fresh weight for leafy vegetables, beans, spinach and lentil, respectively. With the exception of Se concentration in lentils, the concentrations for the vegetables in the Indian study are lower than the findings of the current study (see Table S1 ) for Bangladeshi vegetables (Se concentration in lentil was 152 µg/kg; generally, lentils contained the highest concentration of Se in all the cereals and vegetables analysed). In a previous UK study, Se in green vegetables, potatoes and other vegetables were found to be 10, 8 and 20 µg/kg fresh weight, respectively (Ysart et al., 1999) . These concentrations are lower than those determined for the Bangladeshi vegetables presented in the current study ( Figure 1 and Table S1 ). Daily intakes of Se from green vegetables consumption for Bangladeshis were estimated (in the current study) to be 8.7 µg/day (Table 3) . In a recent study we have shown that Se concentration in aromatic rice is much higher compared to non-aromatic rice (Al-Rmalli, et al., 2012) .
The TDI of the essential element Se for Bangladeshis, estimated in the present study, was 90.4 µg/day. Bangladeshi rice and fish are the main contributors to the daily intake of Se.
We have revealed, for the first time, that betel quids can be a significant source of Se for Bangladeshis, providing 25 µg/day for someone consuming six betel quids. However, betel quids generally contain tobacco and also has elements that are harmful to human health (AlRmalli et al. 2011) . Many Bangladeshis are known to consume betel quids on a daily basis and we used an average daily intake of six betel quids, for our calculations, based on a questionnaire analysis (Al-Rmalli et al. 2011) . Countries with adequate Se in their diet includes include Japan and the USA. The TDI of Se was estimated to be 118 and 110-126 µg/day for Japan and USA, respectively (Miyazaki et al., 2004; Egan et al., 2002) . The TDI for Japanese and American populations were similar to that estimated for Bangladeshis in the present study, which suggests that Bangladeshis do not have a diet that is deficient in Se. This is in contrast to Spallholz et al. (2004) Selenium has been suggested to counteract the toxicity of As and researchers are carrying out clinical trials on As exposed Bangladeshi population by giving them Se supplements (Alauddin et al., 2012) . In this trial, Bangladeshis from Chandpur district were fed 200μg of sodium selenite per day. More recently, a clinical trial is underway feeding a group of Bangladeshis lentil that have high Se content with a view to increase their Se intake (Krohn et al., 2016) . Lentil is a popular food in Bangladesh and contains high levels of other nutrients that are deficient in many in Bangladeshis, including proteins. However, it is unfortunate that these supplementation trials did not discuss earlier studies that have revealed high blood Se levels for of Bangladeshis (Chen et al., 2007; George et al., 2013) . Our estimate of the Se intake (current study) also suggests that Bangladeshis are not deficient in Se and are consistent with literature reports on high blood Se levels in Bangladeshis (Chen et al., 2007; George et al., 2013) . Considering these facts, a detailed Se status of Bangladeshis is needed especially because there are conflicting reports on the effects of Se supplementation on cancer and diabetes for other populations (Rayman, 2012; Ivory et al. 2015) . One of the leading experts on Se and human health, Margaret Rayman, has reviewed the literature and concluded that the effects of Se on human health are multiple and complex (Rayman, 2012) .
She also stressed that Se supplementation should only be undertaken in populations with low or relatively low selenium status. In her article (Rayman, 2012) this, it needs to be pointed out that blood Se levels for Bangladeshis, in some cases, exceed the latter limit with one study showing blood Se levels (Chen et al., 2007) as high as 259 µg/L (range 88.5-258.8μg/L; mean 150.1 μg/L). A more recent study (George et al., 2013) also showed very high blood Se levels for a Bangladeshi population (range 59.5-222μg/L; average 127μg/L). Ivory et al. (2015) found beneficial and detrimental effects on cellular immunity towards flu when a healthy population in the UK, with marginal Se status, were given Se supplements. On the basis of their findings, they highlighted the need for a thorough investigation of the risks and benefits of Se-supplementation. They stressed that this is particularly important for those who are vulnerable, chronically ill and the elderly (Ivory et al. 2015) .
It is important to note that many Bangladeshis do not have a balanced diet and often lack sufficient quantities of animal products. Se intake from animal products, other than fish, is very low. The high blood Se levels reported in previous studies (Chen et al., 2007; George et al., 2013) could be due to Se derived from betel quids rather than from foods. This needs to be investigated in the future. The Bangladeshi population could have a limited intake of certain Se species that are found in animal products, especially meat. They may have a lower intake of selenomethionine and selenocysteine, which are the predominant Se species found in meat consumed by humans (Tsuji et al. 2012) . Furthermore, it has been previously reported that meat is an important source of bioavailable Se (Biesalski, 2005) . Elorinne et al. (2016) reported that Se intake for vegans (79 µg/day) was much lower compared to non-vegetarians (149 µg/day). The difference was attributed to the fact that over 70% of the Se intake in the Finnish population is derived mainly from animal products.
A recent study reported that blood Se is inversely associated with urinary As in both children and adults in Bangladesh (George et al., 2013) . The authors suggested that Se may interact with As to form an Se-As conjugate, using a glutathione complex, facilitating the biliary elimination of As. It is possible that this loss of Se through conjugation with As, and excretion via the biliary system, may result in a deficiency of essential Se for Bangladeshis with a high intake of As. We recommend further studies to investigate the Se status of Bangladeshis in order to evaluate the need for supplementation and other changes in their diet.
The present article is one of the most detailed evaluations of the TDI for As and Se for Bangladeshis residing in Bangladesh. However, we were limited to the analysis of only a selection of foods consumed in Bangladesh and relied on many foods that were sold in the UK. We also relied on food intake from a previous study focusing on a specific As affected region (Araihazar) of Bangladesh and this may not reflect the general diet of Bangladeshis in other regions. Therefore, more comprehensive studies are necessary, including a total diet study in Bangladesh where foods grown in arsenic affected and non-affected regions are compared along with human biomonitoring studies. Such studies would reveal the extent of As exposure, and possible Se deficiency, paving the way for establishing appropriate public health improvement programmes. A comprehensive human biomonitoring program, similar to the National Health and Nutrition Examination Survey (NHANES) in the USA, is needed in Bangladesh. This would ensure that clinical trials and other intervention projects are initiated with adequate background data.
Conclusion
For the first time the total dietary intake of Se in the Bangladeshi population has been estimated through data derived from analysis of rice, vegetables, fish and non-foods using ICP-MS. Rice and fish were the main dietary source of Se. A surprise finding of our study was the high contribution of Se from betel quids which has not been previously discussed.
In contrast to what has been suggested by others, we found the intake of Se through the Bangladeshi diet was similar to that reported for populations in other countries with sufficient Se intake, including the USA. This may explain why the blood Se concentrations in Bangladeshis was reported to be similar to that seen in the USA population. Therefore, a comprehensive study on the Se status of Bangladeshis is needed. There is no doubt that Bangladeshis have low intake of animal products, which suggests that they have a reduced intake of certain Se species. However, rigorous scientific research is needed to establish the existing Se intake and status (analysis of foods and blood etc) before initiating supplementation trials. Although high concentration of As were detected in leafy vegetables, such as lal shak (Amaranthus gangeticus), non-leafy vegetables can contribute towards lowering the intake of toxic elements and raising the intake of Se. The data indicates that Bangladeshis are exposed to high concentration of As from their diet and that a multipronged strategy is required to reduce their exposure to As. This could include changes in agricultural practices that reduce entry of As and other toxic elements in the food chain, and appropriate modification of the Bangladeshi diet to lower the intake of foods that are very high in As. Increasing the consumption of foods that contain high concentration of Se and low As, such as lentils and animal products, would be desirable for Bangladeshis identified to have low Se status. The consumption of aromatic rice, instead of non-aromatic rice, which we have previously shown to have low As and higher concentration of Se and Zn, could also be considered for such groups (Al-Rmalli et al., 2012) . 
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a The quantity of food (fresh weight) consumed (g/day) was taken from a previous study (Zoblotska et al., 2008) b Animal products measured in this study from the UK markets. c Other foods including dairy products, nuts, soft drinks, non-leafy vegetables. d Estimated using data taken from Frisbie et al. (2002) e If 1L of water (containing 84 µg/L As -Bangladeshi average, Frisbie et al. 2002 ) is used to cook the rice, by the complete evaporation method, the As intake from rice will increase to 118.3 µg/day f If As from water (1L with 84 µg/L As), used to cook the 500g the rice by the complete evaporation method is included, the TDI from foods will increase to 158.2 µg/day g If As from water (1 L with 84 µg/L As), used to cook the 500g the rice by the complete evaporation method, is included the TDI will increase to 385 µg/day * When six betel quids (non-food item) are included in the estimations. A previous study reported an average daily consumption of six betel quids by Bangladeshis (Al-Rmalli et al. 2011) . Table 4 : Estimation of the total daily (TDI) intake of As around the world and its comparison with estimates from the current study. Table S3 : Arsenic and selenium levels (µg kg -1 fresh weight) of foods used for determination of the total daily intake (TDI) of As and Se in Bangladeshis. Some of the items are named in Bengali. The concentrations of these elements were determined using Inductively Coupled Plasma Mass Spectrometry (ICP-MS). Table S1 continued. a These products were purchased from ethnic shop and were unlikely to be from Bangladesh. They were used for comparison and daily intake estimation. b Asian vegetables and spices which are consumed by Bangladeshis and may originate from several south Asian countries.
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